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Abstract 

Open superstring theory is formulated in terms of a nondegenerate supertrans- 
lation algebra. A supercharge for a tachyonic superstring can be also defined classi- 
cally by taking into account the leakage of the supercurrent which is compensated 
by fermionic and bosonic auxiliary fields. The anticommutator of two supercharges 
of the tachyonic superstring does not contain the zero eigenvalue and so this string 
is not a BPS state. Brane-antibrane annihilation scenarios are described by these 
superalgebras defined on the sum of world-volumes of a D-brane, an anti-D-brane 
and a tachyonic superstring. 
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1 Introduction 



The classification of states according to their transformation by elements of the su- 
peralgebra is a powerful tool for exploring non-perturbative aspects of supersymmetric 
theories p]. The anticommutator of two supercharges is a real symmetric matrix 

{Qa,Qp} = M a(3 . (1.1) 

States are classified by the matrix M a p as follows: 

1. If all eigenvalues of M a p are zero, the state preserves all supersymmetries. This is 
the case for the ground states of fundamental superstrings, i.e. the vacuum state 
which has no strings. 

2. If at least one of eigenvalues of M a p is zero, the state preserves some supersymme- 
tries. This is a BPS state. 

3. If all eigenvalues of M a p are non-zero, then all supersymmetries are broken. This is 
a non-BPS state. 



As well as BPS systems [0, [| , recent developments of non-BPS systems have lead to the 
understanding of a variety of non-perturbative phenomena in string theories ||, [|, [7|, [], 



10, 11, 12 



Although space-time supersymmetry (SUSY) is essential, most studies of this field 
are developed by using the Neveu-Schwarz-Ramond (NSR) formalism rather than the 
Green-Schwarz (GS) formalism where space-time SUSY is manifest. In order to represent 
space-time SUSY in the NSR formalism a GSO projection is required, and it plays an 
essential role in non-BPS physics. The wrong GSO projection results in tachyonic modes 
and instability of the system ||. Recently it was pointed out that tachyonic modes are 
obtained in the GS formalism by the "wrong" boundary condition by looking at the 
partition function [jn| . In this paper we try to explain appearance of tachyonic modes in 
a GS like action. Our guiding principle is the global SUSY of the action, where SUSY is 
broken by the wrong boundary condition. The problem is how to represent the non-BPS 
superalgebra for a tachyonic superstring and how to recover SUSY. 

In order to consider a tachyonic superstring it is important to reexamine open string 



theory. In the Kalb and Ramond discussion of the open string interaction the open 
string current is not conserved, and leaks from the end points. The open string gauge 
interaction is not gauge invariant, but gauge invariance is recovered by introducing a vector 
gauge field coupling with the endpoint currents. For the type II superstring theories the 
corresponding gauge invariant interaction is 

I f b ns - [ A = - [ B , B = B NS — dA , (1.2) 
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where E is a string world-sheet, <9E is its boundary, B NS is the Neveu-Schwarz two-form, 
and A is the Dirac-Born-Infeld (DBI) vector gauge field on Dp-branes @. This Wess- 
Zumino action is not only gauge invariant but also SUSY invariant. The manifestly SUSY 
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invariant Wess-Zumino action can be obtained as an element of the trivial class of the 



Chevalley-Eilenberg cohomology of the nondegenerate supertranslation group [15 , 



The nondegenerate supertranslation group has been examined recently in many kinds of 



super-p-brane theories u% [18L ML EG. ETl 22, 23, 24]. The nondegenerate supertranslation 



algebra is obtained by introducing a fermionic central extension, and the fermionic center 
together with a supercharge makes the nondegenerate group metric. This algebra may 
play a useful role in quantizing the theory as shown in the random lattice case [IB|. In 



section 2 we construct an open superstring theory based on the nondegenerate supertrans- 
lation algebra, where fermionic and bosonic auxiliary fields carry boundary contributions. 

For an open superstring there is an ambiguity in the GSO projection in the NSR for- 
malism. In the GS formalism this ambiguity corresponds to an ambiguity in the boundary 
condition of fermionic coordinates (T^|. A tachyonic state, which has the wrong sign for 



the GSO projection, is obtained by considering a superstring connecting a Dp-brane and 
an anti-Dp-brane (Dp). As an example if we take a superstring connecting a D2-brane 
and a D2-brane, then its boundary condition is given by [] 

Toi2^i = 02 , at a = 

r 12#l = -02 ) at (T = 7T . (1.3) 

By defining 9(a) on — 7r < a < n by 9(a) = r i2#i(— cr) on — 7r < a < and 9(a) = 9 2 (a) 
on < a < ir, 9 is antiperiodic, 9(ir) = —9(—tt). There is no global SUSY parameter 
satisfying (|1.3| ) since 9(a) has no zero mode. This boundary condition still consistently 
cancels the surface term from the variation of the light-cone gauge fixed action 

9 1 T-59 1 - 9 2 T-59 2 = 9 1 T-59 1 - (t^io)^- (±T 012 d9x) = (1.4) 

where T ± = (r° ± Y l )/\/2 and T + 9 h2 = 0. 

It turns out that the antiperiodic boundary condition on the fermionic coordinates 



( |1.3|) leads to a non-zero value of the fermionic central charge as we will see in section 3. 
We will also see that the mass must have an imaginary value. The non-BPS superalgebra, 
which has no zero eigenvalue of {Q a , Qp}, is obtained by introducing an imaginary value 
for the tachyonic string energy realizing complete SUSY breaking. This choice corresponds 
to the wrong sign for the GSO projection. 

In section 4, we demonstrate the D2-D2 annihilation scenario from the superalgebra 
point of view. Depending on the configuration of the gauge fields the D2- and D2-branes 
may annihilate into nothing or into DO-branes |26|, |12| . After passing through unstable 



non-BPS states the system settles down in the stable BPS state. The superalgebra gives 
a simple description of the brane charge cancellation and the cancellation of the brane 
tensions and the tachyon potential. 



i r ii = r() r s | ei \ = ( ^ j and roi2 = r [ori r 2] / 3 i 
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2 Open superstring theory 



In this section we will obtain the gauge invariant and SUSY invariant Wess-Zumino ac- 
tion for an open superstring fll.2| ). We first construct the nondegenerate supertranslation 
algebra for type IIA as an example and then calculate the SUSY invariant Maurer-Cartan 
(MC) one-forms L, and find a two-form B whose derivative gives the three-form H = dB. 
Since the DBI gauge fields, with which the end points interact, live in the branes rather 
than in the string world-sheet, the interaction is not written in terms of the string world- 
sheet fields. Instead of using gauge fields in the Wess-Zumino action, we enlarge the 
superspace and introduce auxiliary coordinates which correspond to endpoint degrees of 
freedom. 



The type IIA nondegenerate superalgebra for an open superstring is 



{Q a , Qp} = 2 [Cf + CT 

[-Pmj Qo 



a/3 



i(ZT m ) a 



which is determined from the 10-dimensional IIA cyclic identity 

(r m )?,(cr-) 7(5) + (r^r m )f /3 (cr l 'r m ) 7a) = o , r* = r 



(2.1) 
(2.2) 
(2.3) 

(2.4) 



The type IIB theory is obtained by replacing by t% acting on N=2 fermion index. The 
enlarged superspace coordinates are introduced as parameters of the group element 



g = e i i az c le iY" l T, me iX m P me ie a Q 



and the MC one-forms are obtained as 



(2-5) 



g- L dg = % (L m P m + L a Q a + L™E m + L%Z a ) 



( L m 



dX m - i9T m d9 
d6 a 

dY m - i6T^T m d6 



(2-6) 



d£ Q + (T m 6) a (dX m - i-6T m d6) 

3 i _ 

+ {T^T m 6) a {dY m - i-9T^T m d9) 
3 

which satisfies the MC equations 

dL m + iLT m L = , dL = 

dL™ + %LY^Y m L = , dL z -tyL-r^L = . (2.7) 
The NS two-form B whose derivative becomes closed three-form H is given by 

dB = H = LY%L 
B = i(Zr^ z -zL-L E ) , (2.8) 
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and this is the combination which enters into the SUSY invariant Wess-Zumino action. 
An action for the open superstring theory of type IIA is 

Ifv = J d 2 a{C NG + C wz ) (2.9) 
C-ng = —T\J— det Gfj, u , G^y = L M ■ L„ 

Uz = --Te^B^ , B lu , = ~{L li T^Lzu + i'L ll -L Su )-(ti^v) (2.10) 



■-(L^L Zu + z'L M • L Sv ) -(n^v) 
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where <r M are worldsheet coordinates with fj, — 0, 1. The two form, £> = — dander 1 'B^, is 
given by (|2.8j) and 



(fx <-> i/) 



The constraint set of the system is obtained as 

+ T 2 G 1 
p ■ Li = 



H = p 2 + T 2 G U = 



lya + Ii^ + i-W 11 



T ,- 



+-(L 1 r B re ■ #r + L^e ■ evw) = o 

6 

p Y - |(Li + zZiH?) = p y - |jf' = 

tt 5 + i-Zir" = tt € + i^r" = o 



(2.11) 



(2.12) 
(2.13) 



(2.14) 
(2.15) 
(2.16) 



for canonical pairs (X m , 9 a , Y m , £ a ) and (p m , ( a ,PYm, ft£a) an d where p is the SUSY in- 
variant combination 



p m = p m + ^L am - z^LirTme = Vm + -Y' m + iT6T*r m 6' 



(2.17) 



The constraint set is invariant under the global SUSY transformation ( J2.21 ) up to con- 
straints. As in |M] the fermionic constraints ( 2.14|) satisfies the following algebra 



{F a (a), Fp(a')} = -2i(CZ + ) af3 5(a - a') , E± = T m p m ± Tr*r m L lr 



(2.18) 



One half of F a are first class constraints generating the kappa symmetry with generator 
given by 



(FS. 











(2.19) 



It is important to examine behavior of the endpoints. For simplicity, let us consider the 
ground state in which fermionic variables can be neglected. For the Neumann boundary 



directions denoted by /i, = is satisfied at boundaries. For the Dirichlet boundary 
directions denoted by i, ~L\ 7^ at boundaries is obtained. From the constraint (|2.13| ) it 
follows that p % = 0. The r diffeomorphism constraint ( 2.12|) at the boundaries is written 

as 



H = (p^) 2 + T 2 (X H ) 2 = 



(2.20) 



The Dirichlet boundary gives rise to a mass T. As a result massive endpoints are moving 
on D2-branes. 

The SUSY transformations are given by 



f 56 a 

5X m 
5Y m 



-ieT m 9 
-ieT*T m 6 

Xe a + T^e a - -(T6 a ■ eT6 + T^T9 a ■ eT^T6) 
3 



(2.21) 



under which the MC one- forms (|2.6| ) are invariant. The general form of the supercharges 



is 



Qe = J da(p-5X + (56 + p Y ■ 6Y + tt^) • 
Using (|2.21| ) the supercharges are obtained as 

Q a = f dak + i^+iOT^y + n^X + T^Y)+i\( y 7T i T9-9T + n^T9-9T^T) 
which satisfy the expected superalgebra fl2~l| ) 

a/3 



{Q a ,Qp} = 2i (Cf + CT^ 



(2.22) 



(2.23) 



(2.24) 



The factor of i on the right hand side arises by the usual replacement of the commutator, 
[X m (a),P n (a')] = -i5™5(a-a'), by the Poisson bracket, {X m (a), P n (a')} = 5™5{a-a'). 



Other charges are written in terms of canonical variables 



P m = J da p m 
S m = J da p Y „ 

Z a = da TT^ a 



da XL 



T 



(X 



m cr=0 



-x„ 



il l a=n J 



^1 f da e'Y\ = i%{eT\\ c=Q - 6Tl\ a -_ 



2 J 2 

where constraints ( |2.15| ) and ( j2.16| ) are used. The periodic boundary condition gives 



(2.25) 
(2.26) 
(2.27) 







(2.28) 



This is consistent with the algebra ( [2.2|) and ( [2.3|) in the presence of D-branes where 



0, £j = 0, i — 4, 9 in the Dirichlet directions. 
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If we use the constraint ( p. 15 ), the BPS condition obtained from the superalgebra 
fl2.1|) is different from the expected one; the BPS mass is half of the expected value, 
Po = Td/2. The origin of factor 1/2 is the coefficient of the Wess-Zumino action which is 
determined by the kappa symmetry ( 2.18Q and (|2.19|) . To avoid confusion, note that this 
mass, Po — Td/2, is the mass of an open superstring attached to two branes including 
the effect of the auxiliary fields. If we impose Po = Td the coefficient of the Wess-Zumino 
action should be a factor of 2 larger. This breaks the kappa symmetry and there are twice 
as many fermionic variables. This phenomenon is a property of the world-volume action 
for non-BPS branes in [30] . In this paper we will consider a situation in which the BPS 
condition is modified in a manner that preserves the kappa symmetry. This will allow an 
efficient first-quantized description of tachyon condensation. 



3 The tachyonic superstring 



In this section we focus on an open superstring connecting D2- and D2-branes with 



separation d. The fermionic coordinates 6 satisfy (b_3) which is an antiperiodic boundary 
condition. It is interesting to consider this situation from the superalgebra point of view. 
We begin with the nondegenerate supertranslation algebra for an open superstring (|2.1|), 



J) and (U). 



When the antiperiodic boundary condition ( |1.3| ) is imposed, the fermionic central 
charges cannot be set to be zero; 



Z'Aa. 



J 2a 



* o 



(3.1) 



The nonvanishing fermionic center Z a in (|3.1| ) is crucial in this non-BPS system in con- 



trast with ( |2.28| ) which describes a BPS system. This nonvanishing property leads to an 
inconsistency in the algebra (|2.2|) and (|2T3|) or equivalently 



[Pm ^mi Ql\ 
[Pm + S m , Q2} 



2iZiT m = 
2iZ 2 T m ^ 



(3.2) 



Although the right hand sides of (|3.2j ) are non-zero, the Dirichlet components of the 
left hand side are zero for <i — *> because Pj = and Ej = 0, i = 3, 9. In other 
words, by taking the limit d — > 0, the antiperiodic boundary condition on #'s, twisting 
fermions, causes a singularity in the superspace. One resolution of this inconsistency is 
to consider complex P m , which allows for the presence of a tachyonic open string state. 
It is expected that this singularity is resolved by quantum excitation of such tachyonic 
modes. Collective tachyonic excitation makes the tachyon potential which contributes to 
the energy, Po. This will be discussed in the next section. In this section we concentrate 
on the algebraic consistency, where we introduce "tachyonic modes" in the algebra as 
"imaginary" mass, P = 3?P + zSP 7^ 0. So the left hand side of ( p.2|) becomes non-zero, 
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(P + E) = 9?(P + E) + iQP 7^ 0. The BPS condition should now be examined carefully, 
by considering the superalgebra ( |2.1|) for a string lying along X 3 direction at rest 

{Q,Q}e = 2(P -^ 03 )6 = . (3.3) 

With imaginary P m , say P = im? with real m^, 

det(zm T - ^r* 03 ) ^0 , (3.4) 

so the only solution of (3.3) is e = and SUSY is completely broken. In this way the 
antiperiodic boundary condition leads to a non-BPS algebra. Note that in this classical 
approach, the value of the first quantized tachyonic mass mT achyon = — 7^7 cannot be 
determined. 



It is important that there is a supercharge ( |2.23| ) under which the action is invariant 



not only for the usual fundamental open superstring but also a tachyonic superstring. 
The use of auxiliary fields is essential here to make a self-consistent open string theory. 
Without introducing local auxiliary fields, the global symmetries of the open string action 
depend on the boundary interactions. By using auxiliary fields the SUSY invariance can 
be guaranteed at least at the level of the action, independent of the boundaries. The 
difference between the usual superstring and the tachyonic superstring is "the expectation 
value" of the fermionic central charge Z a and momentum P m . Once the vacuum is chosen, 
"the expectation value" is fixed and the extended superalgebra (|2.1|), ( P^| ) and ( |2.3j ) leads 
to BPS states or non-BPS states as shown here. 



4 The Dp-Dp system 

Now let us consider the Dp-Fl-Dp system. As an example we consider the following 
configuration of type IIA theory : A D2-brane and a D2-brane lying in the X 1 -X 2 di- 
rections, and an open superstring with Dirichlet boundaries X 1 = with i = 3, ...,9 at 
a = and X s = d and X % = with i = 4, 9 at a = 7r. The total action of this system 
is given by the sum of actions for a D2-brane, a D2-brane and an open superstring (Fl) 
and their interactions: 

hotai = + I ml A »] + J fi + 4t[^,4l 

km = I dTA^\ a=0 - fdrA^l^ . (4.1) 

jD2 JD2 

The end points of an open superstring are sources of DBI gauge fields, so the Gauss law 
constraints become 

d a E a =jX =0 = T6^(x-X(r)) , d a E a = -f\ a=7T = -T6 (3 \x - X(t)) , a = 1,2(42) 

where the canonical conjugates of A^, A^ are E^, /1 = 0, 1,2. Under a global SUSY 
transformation, Jd2, Ijyj an d ^fi + hnt are invariant. Although the Wess-Zumino action of 
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an open superstring Jpi gives rise to a nonvanishing surface term, the variation of the DBI 
gauge fields in the interaction I int cancels it. We identify this SUSY invariant combination 
I-Fi+Iint with the self-contained open superstring action I-py fl2.10| ). Auxiliary fields in J F1 / 



are related to the DBI gauge fields by the relation ( 2.11 ). It may be confusing that there 
exist Wess-Zumino actions not only for an open superstring but also Dp, Dp branes, but 
in this paper we modify only a Wess-Zumino action for an open superstring and keep usual 
forms of Wess-Zumino actions for Dp, Dp branes which have usual boundary conditions. 

Each Noether charge on world-volume is written in terms of world-volume variables, 
so different world- volume charges commute/anticommute as long as the world- volumes 
are separated. The superalgebra of a D2-brane is given by [p9f|, 



{Qd 2q , Qd2?} = 2% (Cf - T D2 C f dtfdtf) + 2% (cT* f d^E a - CT*T m [ F 12 ) 

\ J / aj3 V J J J a/3 

+ 2~ I daRa (^ r ° ' ° Vf) + ' ® Va ) (4 ' 3) 

An anti-BPS state is obtained by reversing the brane charge, or equivalently by taking 
opposite sign for the world- volume coordinate, for example 

[(fae^TmdjCdtf = - [ d 2 ae ab T m d a ^d b ^ = -T m V 

JD2 J 

J_d 2 ae ab F ab = - Jd 2 ae ab F ab . (4.4) 
The superalgebra for an anti-D2-brane is given by 

{QW2^ Qw2s\ = 2i (Cf - T m C [dtfdtf) + 2i (CY^ l_djCE a - CY^T D2 f_F 

M V JD2 /a/3 V JD2 JD2 

+^ Ld a E a (er^r a ■ ev p + 0r% • ev a ) 

1 JD2 v ; 

= 21 (cf + t D2 c J a^ayr) + 2% (cv^ J d^E a + cy^t D2 J f : 



12 

a/3 \ J J J af3 

+ \ J d a E a (eT*T a ■ 0I> + 01% ■ 6T a ) . (4.5) 



The expression for the superalgebras for other Dp-brane systems are given in |27| , [28|, |29 



We focus on one superstring connecting unit volumes of the D2-brane and D2-brane. 
The total supercharge is 

Q = Qm + Qm + Qw ■ ( 4 - 6 ) 

First we look for a case where the DBI gauge fields do not have any topological excitation. 
The anticommutator of the total supercharges (|4.6|) is 

{Q,Q} = {Qd2, Qm} + {Qm> Qm} + {Qw, Qfv} 

= 2 (Wo + ife i0 + Pfi>,o) - (T D2 - T D2 )r 012 + ^ 03 ^) . (4.7) 
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The D2- and D2-brane charges in the second term cancel. The FY charge in the third 
term vanishes in the limit d — > 0. When we bring the D2-brane close to the D2-brane 
(d — > 0), many tachyonic modes are excited and form the tachyon potential. We treat 
one tachyonic superstring in the background of many other tachyonic superstrings as a 
string in a tachyon potential, using the mean field approximation. Whereas in section 
3 we considered a single tachyonic superstring we will now discuss a tachyonic string in 
the presence of a tachyonic potential in order to describe tachyon condensation. The 
energy for an isolated tachyonic string, Ppi'.o = irriT, corresponds to the top of the local 
maximum of the tachyon potential, while the energy in the presence of N tachyonic strings 

N 

is V] -Pfi'.o = NV m i n (T) which corresponds to the local minimum of the tachyon potential. 
The average energy of such a tachyonic superstring is 

-Pfi',o — > V m j„(T) . (4.8) 

The energy per unit volume of the D2-(D2-)brane is Pm,o = Pd2 {Pmo = ^02)- The 
condition of the first term in (|4.7|) 

^ D2 ,o + ^m.o + p Fi'fl = 2T D2 + V mm (T) = (4.9) 

describes the situation in which a D2-D2 pair annihilates. 

Next the gauge field contribution to the superalgebra ( |4.7| ) is taken into account; 

{Q a ,Qp\ = 2((P D2fi + P mfi + P Fr ,o)-(T D2 -T B2 )T 012 + ^ m ) 



+2 (r ^ J (E a + E a ) - r°^T D2 J (F 12 - F 12 ) 
+ J d a (E a + E a ) % - {QY^Y a ■ 9Vp + 01% • 



(4.10) 



After computing the algebra, the integral on the right hand side of 10|) can be written 
as a 2-dimensional world-volume integral. When the vortex configuration occurs in the 
tachyon fields, T = |T|e mx , the magnetic fields on the D2-branes take the following 
configurations 

F 12 -F 12 = ^-[d 1 ,d 2 }\nT . (4.11) 

This tachyon vortex configuration does not give an electric configuration, so we may 
set E a + E a = 0. However, it is also interesting to consider nontrivial configurations 
of E + E [j3lfl . By taking the 2+1 space-time dual, e a b{E a + E a ) = db{p — 0), scalar 
fields if and (p appear which correspond to 11-th dimensional coordinates. So nonzero 
J(E a + E a ) means nontrivial winding of the relative D2-D2 (M2-M2) on the compact 

11-th dimensional direction. Since the term r ^ a J {E a + E a ) in ( ^T0|) is universal for 

arbitrary Dp-branes [ 271, HI Hi) the superalgebras for an arbitrary Dp-Dp system are 



sensitive to this type of winding effect. 
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As a result of using fl4.11|) the superalgebra is 

{Q,Q} = 2(P -nT m T 0ii ) 



(4.12) 



which is nothing but the superalgebra for n DO-branes. Half the SUSY is recovered, and 
the final state is a BPS state. 



5 Discussion 



We have shown that the nondegenerate supertranslation algebra is suitable for rep- 
resenting an open superstring including the tachyonic superstring. The supercharge can 
be defined, taking into account the leakage of the supercurrent which is compensated 
by fermionic and bosonic auxiliary fields. For a tachyonic superstring the antiperiodic 
boundary condition on fermionic coordinates leads to a nonzero fermionic central charge 
and it turns out that imaginary valued momentum is required. In other words, both the 
fundamental superstring and the tachyonic superstring have the same symmetry structure 
and the difference is in the expectation value of the global charges. The GSO ambiguity in 
the NSR formalism corresponds to the ambiguity of the expectation values of momentum 
P in the GS formalism as is seen for the BPS condition (|3.3|) , 

{Q,Q}6 = 2(P -^ 03 )6 = . (5.1) 
This allows the following possibilities. 





Mass 


SUSY 


{Qa, Qp) 


6 boundary 


GSO 


BPS 


P - Td 


e = T^e 
^ 3 e 


(o I) 


periodic 


correct 


non-BPS 


P = irriT 


e = 


det{Q Q , Q p } ^ 


antiperiodic 


wrong 



We also showed that the superalgebra, defined by the sum of world-volumes of D2-F1'- 
D2, represents brane-antibrane annihilation. Without a topologically nontrivial configu- 
ration of tachyon fields, the brane-antibrane system which originally contains the non-BPS 
tachyonic superstring, reduces to nothing, which is the supersymmetric vacuum. If the 
tachyonic fields are in a vortex configuration, the brane-antibrane system reduces to the 
DO-brane system which is a BPS state. The merit of the superalgebra is that important 
combinations of charges of the system are automatically derived; such as the cancellation 
of the D-brane tensions, electromagnetic quantum numbers, J(F ab — F ab ) and J(E a + E a ). 
A problem of this approach is that the quantum tachyon mass or the field theoretical 
tachyon potential cannot be deteremined. This approach to the brane-antibrane system 
from the point of view of space-time SUSY is purely classical. 

Applications of the non-degenerate superalgebra to manifestly supersymmetric open 
membrane theory and other p-brane theories are also possible ]17| . The extension to non- 



abelian gauge interactions is an important issue. In this formulation the vector gauge 
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interaction is represented by using auxiliary fields, so it is expected that the Chan-Paton 
factor is simply imposed on the auxiliary fields. This approach, where the space-time 
symmetry is manifest, will be useful for examining the conjecture that all branes can 
be obtained from the D9- and D9-brane ||12| . We leave these problems for a further 
publication. 
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